Abstract
INTRODUCTION
General Microbiology Lab at NC State University (NCSU) serves as an introductory microbiology lab experience
47
Undergraduate Research Experiences (CUREs) can aid in increasing student understanding of core content as well brine solutions needed to create a safe, and commercial food product. Throughout the semester, students work in interpreting data, culminating in a final electronic poster presentation of their work. 
82
of lab, introduces students to core skills in microbiology. Module 2, which encompasses the inquiry-guided research 83 project, is carried out over five separate lab sessions. Module 3, which covers data visualization and presentation, is 84 taught over two individual lab sessions. The last lab is the final exam and lab practical assessing microbiology 85 techniques and content. The learning objectives for this course are mapped to the ASM Recommended Curriculum PROCEDURE skills in microbiology including aseptic technique, media preparation, bacterial isolation, differential staining, guided research project in Module 2. Module 3 is designed to teach and discuss applicable data analysis and data and fermentation jars for this course. Cucumbers, specific for pickling, can be purchased at local retail grocery 110 stores, and fermentation jars can be reused 500 mL commercial pickle jars. 
114
For each protocol, the necessary materials and equipment are listed, followed by detailed step-by-step instructions.
115
Student protocols are provided to students in the appendix section of the course lab manual, rather than embedded 116 with the background information and goals for the weekly labs. This structure was specifically designed to 117 encourage students to practice accessing protocols, which are repeated across multiple weeks, outside of a traditional 118 in-text lab manual. Additionally, before the start of Module 2, an experimental design worksheet (Appendix IV) was
119
given to students to help them prepare for their research project. The assignment requires students to state a research 120 question, identify their selected experimental variable (NaCl concentration), develop a hypothesis based on their 121 current knowledge, and graph predicted results of their fermentation experiment. Students are required to reference 122 this assignment after the completion of the project as part of their discussion in their final poster presentation. experiment by packing a 500 mL glass fermentation jar with cucumbers (~4-6 cucumbers) and their selected NaCl 
152
Suggestions for determining student learning:
153
Throughout the semester, students are evaluated through several graded assessments, including three in-lab quizzes, 
159
In this course redesign, we specifically focused on the final research poster as a major assessment of student 160 learning. Although pre-and post-content quizzes offer insight into student learning gains, they are unable to easily 
227
we assessed if, and where, a core set of critical experiments were discussed in each student's final poster (Figure 2 ).
228
As a whole, many students were able to develop a descriptive title that described the research question, and included 229 a descriptive and testable hypothesis within their poster introduction. Additionally, most students referenced their 230 hypothesis in the discussion section.
likely to discuss experiments they repeated weekly throughout the research project, or experiments they perceived as 
242
Throughout the second semester piloting the redesigned lab, the importance of each experiment and the 
254
In an effort to determine if students were becoming proficient in basic microbiological lab skills and techniques in 
